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INTRODUCTION 

Climatic  change  has  become  an  important  issue  in  recent  years. 
Many  scientists  now  believe  that  temperatures  will  rise 
gradually  as  concentrations  of  carbon  dioxide  (C02),  water 
vapor  and  other  "greenhouse  gases"  (GHGs),  such  as  methane 
and  nitrous  oxides,  increase  in  the  Earth's  atmosphere.  It  is 
known  that  C02  concentrations  have  increased  by  about  25% 
since  the  start  of  the  Industrial  Revolution,  mostly  from 
burning  fossil  fuels  and  clearing  forests.  However,  how  much 
this  rise  in  C02  has  affected  the  Earth's  average  temperature 
remains  unclear.  Some  scientific  studies  indicate  that 
significant  global  warming  has  already  occurred;  others  suggest 
it  has  not.  In  theory,  global  temperatures  should  have  risen  by 
about  0.5-1. 3°C. 

The  "greenhouse  effect"  is  an  important  natural  phenomenon, 
without  which  the  Earth  would  be  more  than  30°C  colder  than 
at  present  and  essentially  uninhabitable  by  humans.  The  GHGs 
in  the  atmosphere  partly  absorb  or  trap  outgoing  long-wave 
(infrared)  radiation  emitted  from  the  Earth's  surface.  Water 
vapor  is  the  most  important  GHG,  absorbing  most  of  the 
outgoing  radiation.  Warming  from  C02  is  expected  to  increase 
evaporation  and  produce  higher  concentrations  of  water  vapor, 
which  in  turn  will  likely  lead  to  further  warming. 

Global  warming  is  also  expected  to  affect  cloud  cover. 
However,  it  is  uncertain  at  present  whether  amounts  of  cloud 
will  increase  or  decrease.  Increased  cloud  cover  would  reflect 
more  incoming  solar  radiation,  causing  cooler  days,  but  would 
absorb  more  outgoing  long-wave  radiant  heat,  causing  warmer 
nights.  Evidence  that  cloud  cover  has  increased  over  land  areas 
in  North  America  during  the  past  50  years  or  so  may  partly 
account  for  an  observed  decrease  in  day-night  temperature 
range.  However,  we  have  no  definite  proof  yet  that  the  observed 
increase  in  cloud  is  caused  by  GHG  warming.  Ultimately,  the 
effect  of  rising  C02  on  climate  may  not  be  known  until  the 
middle  of  the  next  century  or  later,  by  which  time,  depending 
on  emission  trends,  C02  concentrations  may  have  doubled. 

Climatic  changes  also  occur  naturally,  apart  from  any  enhanced 
greenhouse  effect  resulting  from  human  activity.  For  example, 
average  global  temperatures  from  1 100  to  1400  A.D.  were  as 
much  as  0.5°C  warmer  than  today.  From  the  1500s  to  the  late 
1800s,  global  temperatures  were  about  0.5°C  cooler,  which 
period  climatologists  have  called  the  "Little  Ice  Age." 
Substantial  year-to-year  variations  in  climate  at  any  given  place 
cannot  be  considered  as  "climatic  change"  but  simply  as  natural 
fluctuations  of  the  climatic  system. 
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Fig.  I A     Date  of  last  spring  and  first  full  frost  (0°C), 
Brandon. 
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Fig.  IB    Growing  season  start  (GSS)  and  end  (GSE), 
Brandon. 
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Fig.  1C  Precipitation  (May-September),  Bn, 
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Fig.  ID  Growing  degree-days  above  5°C  (GDD),  Brandon. 


Fig.  IE  January  mean  temperature,  Brandon. 
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Fig.  IF  July  mean  temperature,  Brandon. 


This  publication  presents  the  climatic  changes  and 
fluctuations  that  have  occurred  over  a  101-year  period  at 
Brandon,  Man.,  Canada  (lat.  49°52'  N;  long.  99°58'  W). 
Examining  trends  over  this  period  will  help  to  show  whether 
or  not  climatic  changes  are  taking  place  that  affect  crop 
production  significantly  in  the  Brandon  area. 

The  study  of  climate  at  one  particular  place  is  not  without  its 
hazards.  Apparent  changes  in  climate  can  result  from 
nonclimatic  factors,  such  as  subtle  changes  in  station  location, 
exposure  or  shelter,  and  observing  practices.  Urbanization  can 
also  affect  the  climatic  record  over  the  long  term.  Keep  such 
effects  in  mind  when  interpreting  long-term  records. 

CLIMATIC  RECORD 

The  latitude  and  longitude  of  the  climatic  record  for  Brandon 
Research  Station  have  remained  unchanged  throughout  its 
history.  However,  in  September  1979  a  change  in  site  location 
decreased  its  elevation  from  366  to  363  m.  Because  the 
Brandon  station  stands  on  a  flat  floodplain,  it  is  unlikely  that 
the  change  in  site  affected  the  climatic  record.  The  town  of 
Brandon  lies  southeast  of  the  weather  site.  The  population  of 
Brandon  has  grown  from  about  1 5  000  in  192 1  to  about  40  000 
in  1986  (source:  Statistics  Canada,  census  data).  Any  effect  of 
urbanization  on  the  climatic  record  is  likely  small,  because  the 
prevailing  winds  are  westerly. 

ANNUAL  VARIABLES 

We  determined  eight  agroclimatic  variables  for  each  year  from 
the  daily  record  as  follows:  date  of  last  spring  frost  of  0°C 
(SF);  date  of  first  fall  frost  of  0°C  (FF);  date  of  start  of  the 
growing  season  (GSS);  date  of  end  of  the  growing  season 
(GSE);  precipitation  from  May  1  to  September  3 1  (P); 
growing  degree-days  above  5°C  (GDD);  January  mean  air 
temperature  (JAN);  and  July  mean  air  temperature  (JUL). 

We  analyzed  the  variables  SF,  FF,  GSS,  and  GSE  in  calendar 
days  for  convenience  (Table  1).  We  determined  GSS  and  GSE 
in  each  year  by  when  the  air  temperature  from  a  weighted  5-day 
mean  stayed  at  or  above  5.5°  C  (42 °F)  for  5  consecutive  days  in 
spring  and  the  day  it  dropped  below  5.5°C  in  fall,  respectively. 
All  other  variables  are  self-explanatory,  and  Bootsma  (1994) 
provides  more  details  on  how  we  computed  them. 


Table  1   Calendar  day  number  for  the  last  date  of  each  month 


Date 

Calendar  day* 

31  Jan. 

31 

28  Feb. 

59 

31  Mar. 

90 

30  Apr. 

120 

31  May 

151 

30 June 

181 

Date 

Calendar  day 

31  July 
31  Aug. 

30  Sep. 

3 1  Oct. 

212 

243 
273 
304 

30  Nov. 

354 

3 1  Dec. 

365 

*  For  leap  year,  add  one  calendar  day  to  each  date  after  Feb. 


Variable 


Date  of  last  spring  frost  (SF) 
Date  of  first  fall  frost  (FF) 
Start  of  growing  season  (GSS) 
End  of  growing  season  (GSE) 
Growing  degree-days  >5°C  (GDD) 
May-Sept,  precipitation  (P)  (nun) 
January  mean  air  temp.  (JAN)(°C) 
July  mean  air  temp.  (JUL)(°C) 


TREND  ANALYSES  OF  ANNUAL  DATA 

We  used  the  yearly  variables  to  compute  moving  5-year  means 
over  the  101  years.  For  example,  the  5-year  mean  for  1920 
includes  the  1918-1922  data.  We  plotted  yearly  values  and 
5-year  means  for  the  eight  variables  (Fig.  1A-1F)  in  reference  to 
the  101-year  mean  at  Brandon  (Table  2).  Fig.  1A  indicates  that 
the  dates  of  last  spring  frost  have  tended  to  become  slightly 
earlier  and  first  fall  frosts  slightly  later  at  Brandon.  The  GSS 
did  not  show  the  same  significant  trend,  with  5 -year  means 
fluctuating  above  and  below  the  mean  value  (Fig.  1 B).  The 
GSE  tended  to  show  slighdy  later-than-normal  values  in  the 
last  50  years.  Precipitation  from  May  to  September  (Fig.  1C) 
has  varied  widely,  ranging  from  a  low  of  105  mm  in  1967  to  a 
high  of  524  mm  in  1935.  Statistical  analyses  showed  no 
significant  increasing  or  decreasing  trend  in  P  over  the  101 
years.  The  5-year  mean  fluctuated  above  and  below  the 
101-year  mean  of  307  mm  throughout  the  period. 

The  GDD,  based  on  temperature,  proved  highly  variable  (Fig. 
ID),  ranging  from  a  low  of  1 178  in  1907  to  a  high  of  2041  in 
1988.  However,  the  5-year  means  have  increased  gradually 
since  the  1930s  with  values  mosdy  above  the  101-year  mean  of 
1622  after  that  year.  This  trend  may  have  resulted  partly  from 
global  GHG  warming  and  partly  because  of  other  factors,  such 
as  more  land  under  cultivation,  greater  use  of  summerfallowing, 
or  possibly  changes  in  large-scale  circulation  patterns  in 
weather  over  the  prairie  region. 

A  warming  trend  noted  in  the  growing-season  variables  failed 
to  show  up  in  January  (Fig.  IE)  but  was  evident  in  July  mean 
temperatures  (Fig.  IF).  Scientists  expect  the  C02  warming 
effect  to  be  greater  in  winter  than  in  summer  in  northern 
latitudes.  However,  data  in  Fig.  1 E  show  no  evidence  of  January 
temperatures  becoming  milder  at  Brandon. 

We  compared  data  for  the  Brandon  Research  Station  site  with 
data  from  Brandon  Airport  for  1971-1990  for  all  eight  variables 
to  determine  if  any  bias  was  introduced  in  the  record  after 
automation  of  climatic  observations  in  1986.  We  found  no 
consistent  biases  in  SF,  FF,  GSS,  GSE,  P,  and  JAN.  However, 
GDD  and  JUL  increased  slightly  at  the  Research  Station 
relative  to  the  Airport  after  1985,  indicating  that  automation 
may  have  introduced  a  bias  of  about  100  GDD  or  0.5°C  . 

CUMULATIVE  FREQUENCIES  OR  PROBABILITIES 

To  determine  if  the  last  30-year  period  (1961-1990)  has  been 
unusual  in  comparison  to  the  101-year  pattern,  we  plotted 
cumulative  frequencies  or  probabilities  for  all  eight  variables  for 
both  periods  at  Brandon  (Figs.  2A-2F;  vertical  lines  represent 
mean  values  from  Table  2).  In  Figs.  2 A  and  2B,  the  left  axes 
indicate  the  probability  of  experiencing  later  values  in  spring 
and  earlier  values  in  fall  than  shown  in  the  graph;  the  right  axes 
show  the  probability  of  Brandon  experiencing  earlier  values  in 
spring  and  later  values  in  fall.  For  example,  there  exists  about  a 
20%  probability  (1  year  in  5)  that  the  last  spring  frosts  occur  on 
or  after  day  160  (9  June)  and  that  the  first  fall  frosts  occur 
before  day  240  (28  Aug.).  Period  of  record  had  little  influence 
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Table  2    Comparison  of  mean  values  of  agroclimatic 

variables  for  1890-1990  and  1961-1990  at  Brandon 


1890-1990    1961-1990 
mean  mean 


1  June 
7  Sep. 

25  Apr. 

14  Oct. 

29  May 
8  Sept. 
25  Apr. 
16  Oct. 

1622 

1675 

307 

308 

-18.5 

-18.2 

18.9 

19.2 

Spring  ~;\ 

1890-1990 

----    1961-1990 

/     Fall 
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Fig.  2A     Probability  of  last  spring  and  first  fall  frost  (0°C), 
Brandon. 
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Fig.  2B     Probability  of  start  and  end  of  growing  season, 
Brando?!. 
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Fig.  2C  Probability  of  precipitation  (May- 
September),  Brandon. 


on  frost  dates  or  on  the  start  and  end  of  the  growing  season  (Figs. 
2  A  and  2B).  Date  of  the  last  spring  frost  deviated  most,  with  the 
value  for  1961-1990  being  3  days  earlier. 

In  Figs.  2C-2F,  the  left  margin  indicates  the  probability  of  lower 
values  occurring  and  the  right  margin  shows  the  probability  of 
greater  values.  May-September  precipitation  (Fig.  2C)  has  not 
changed  significandy  over  the  past  101  years;  the  1961-1990  mean 
was  within  1  mm  of  the  long-term  normal.  The  GDD  above  5°C, 
accumulated  during  the  growing  period,  was  significandy  higher  (by 
53  units)  for  the  last  30-year  period  (Fig.  2D).  Mean  temperatures 
for  January  (Fig.  2E)  have  not  changed  significandy.  There  has, 
however,  been  a  slight  increase  in  July  mean  temperatures  over  most 
of  the  probability  range  (Fig.  2F). 


— 1890-1990 
-      —1961-1990 

1000    1200    1400    1600    1800    2000    2200 

GDD 

Fig.  2D  Probability  of  growing  degree- days  above 
5°C  (GDD),  Brandon. 


CONCLUSION 

Apart  from  slight  shifts  in  the  spring  and  fall  frost  dates  and  an 
increase  in  growing  degree-days  accumulated  over  the  growing 
season,  little  change  in  climate  has  occurred  at  Brandon  over  the 
past  101  years.  The  observed  warming  trend  may  have  been  partly 
due  to  C02  warming.  Other  possible  contributing  factors  include 
the  increase  in  area  summerfallowed  on  the  prairies  and  changes  in 
large-scale  circulation  patterns  in  the  region's  weather.  Although 
these  results  apply  specifically  to  Brandon,  similar  warming 
patterns  have  occurred  elsewhere  in  western  Canada,  i.e.,  Agassiz 
and  Indian  Head  (Bootsma  1994).  We  do  not  know  exacdy  how  far 
the  Brandon  results  can  be  extended  in  the  region.  However,  we 
expect  similar  results  within  at  least  a  100-km  radius  of  Brandon. 
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Fig.  2E  Probability  of  January  mean  temperature, 
Brandon. 
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Fig.  2F  Probability  of  July  mean  temperature, 
Brandon. 


\      — 1890-1990 
—  1961-1990 

ACKNOWLEDGMENTS 

The  authors  acknowledge  with  thanks  the  contribution  of  all  the 
weather  observers  who  so  faithfully  recorded  the  climate  daily  over 
many  years  at  Brandon.  Observed  data  were  obtained  in  machine- 
readable  form  from  the  Canadian  Climate  Centre  in  Downsview, 
Ont. 

REFERENCE 

Bootsma,  A.  1994.  Long  term  (100  year)  climatic  trends  for 
agriculture  at  selected  locations  in  Canada. 
Climate  Change  26:65-88. 


Copies  available  from: 

Centre  for  Land  and  Biological  Resources  Research 
Research  Branch,  Agriculture  and  Agri-Food  Canada 
K.W.  Neatby  Bldg.,  Central  Experimental  Farm 
Ottawa,ONKlA0C6 

©  Minister  of  Supply  and  Services  Canada  1995 
Cat.  No.  A42-55/1994E        ISBN  0-662-22260-1 
Printed  1995  1000-03:95 

Egalement  disponible  en  francais  sous  le  titre 

Tendances  climatiques  a  long  terme  pour  Pagrtculture  ii  Brandon  (Manitoba) 
Printed  with  the  financial  support  of  the  following: 
Manitoba  Agriculture,  Brandon,  Manitoba 

Research  Centre,  Research  Branch,  Agriculture  and  Agri-Food  Canada, 
Brandon,  /Manitoba 


Canada 


